Objective: To examine the influence of the proband's APOE genotype on AD among firstdegree relatives in a community-based study of African Americans, whites, and Caribbean Hispanics.
ethnic group. There was a similar trend of increased risk in relatives of patients without an APOE-[small element of]4 allele, but this was limited to Hispanics and African Americans.
Conclusions: The presence of an APOE-[small element of]4 allele increases risk for AD among first-degree relatives, regardless of the probands' disease status, among all ethnic groups. Relatives of patients without an APOE-[small element of]4 allele were also at increased risk for AD among Hispanics and African Americans, suggesting that other genes or risk factors may influence risk.
The APOE-[small element of]4 allele has been associated with AD in many studies. This association has been found to vary with age at onset of AD,1,2 ethnic group,3,4 sex,5 and study population (community-based or clinic-based).6,7 Because patients with AD are more likely than controls to carry APOE-[small element of]4 alleles, a greater proportion of APOE-[small element of]4 carriers would be expected among relatives of AD patients than among relatives of controls. Familial aggregation of late-onset AD may be partially explained by this association.
Various studies have evaluated the relations between familial risk for AD and APOE genotype. Patients with AD who carry one or more APOE-[small element of]4 alleles are more likely to report a family history of AD than patients without an APOE-[small element of]4 allele. 8, 9 Conversely, patients with a family history of AD are also more likely to have an APOE-[small element of]4 allele than patients without a family history. [10] [11] [12] The risk for AD has been found to be greater for relatives of patients with an APOE-[small element of]4 allele than for relatives of patients without an APOE-[small element of]4 allele. 13, 14 However, this association may be stronger in female than in male relatives. 14, 15 In a community of African Americans, whites, and Caribbean Hispanics, we evaluated familial aggregation of AD in relation to the proband's APOE genotype. Because the APOE-[small element of]4 association with AD differs by ethnic group 3,4 and because APOE-[small element of]4 may influence familial aggregation 11,14 we considered both in the design of the study.
Methods. Population. Patients and controls were part of a community-based, epidemiologic study of aging and dementia in Manhattan, New York. As previously described,3,16 a random sample of 50% of all persons over the age of 65, residing in the area and receiving Medicare, was obtained from the Health Care Finance Administration (HCFA). All were sent a letter from the HCFA explaining that they had been selected to participate in a study of aging by investigators at Columbia University. Participation rate was 68% in the HCFA-based random sample and did not differ by ethnic group. This HCFA-based random sample was enriched by participants from a previously established dementia registry, which included patients with AD and controls from the same community. A more detailed description of the dementia registry is provided elsewhere.3 Participants in neither the HCFA-based random sample (73%) nor the dementia registry (27%) were recruited based on their family history or their APOE-[small element of]4 status and were not aware of the goals of this particular study. All individuals had provided informed consent for an ongoing longitudinal study of aging.
The ethnic group of the participants was classified by self-report, as described previously,16 into white, African American, and Hispanic. Using the 1990 United States Census questionnaire as a guide, individuals were asked whether they consider themselves white, black, or other, and were then asked whether they were Hispanic.17 If Hispanic, they were queried as to the country in which they were born. The majority (84%) of those classified as Hispanic were of Caribbean origin, predominantly from the Dominican Republic, with the remainder from Mexico and Central America. Although we are aware that whites, Hispanics, and African Americans are not mutually exclusive and homogenous groups in an urban American population, we used this classification because alternative methods to describe and study such populations are not currently available. [18] [19] [20] [21] Diagnosis. Diagnosis in patients and controls. Each patient and control received a structured neurologic examination and functional assessment by a physician and a neuropsychological battery (approximately 1 1/2 hours in duration) administered by a trained tester. The neuropsychological testing comprised a battery of memory, language, abstraction, and orientation subtests.22 The diagnosis of probable or possible AD was made by a consensus group of neurologists and psychologists after review of the clinical examination and the neuropsychological battery, independent of family history. Patients were defined by NINCDS-ADRDA criteria to be anyone with probable or possible AD. 23 We included individuals with very mild AD (Clinical Dementia Rating scale of 0.5) among patients.24 Controls were defined as those who did not have evidence of cognitive impairment on neuropsychological examination or a chronic neurologic disease.
Family history questionnaire and diagnosis in relatives of patients and controls. After the consensus conference, informants for the patients received a structured family history interview over the telephone and were most often spouses, children, or siblings of patients. Controls were interviewed directly over the telephone. The interview inquired about information on demographics for each first-degree relative (current age, age at death, sex, education). Screening questions for AD were: "Did (does) this person have memory problems or AD?" and "Was (is) this person unable to care for him/herself?" If either of the screening questions was endorsed, a set of follow-up questions was asked to establish the level of certainty of the diagnosis of AD. If neither screening question was endorsed, no follow-up questions were asked. The follow-up questions were as follows:
1. Did the person have a gradual and progressive loss of memory?
2. Was the person confused and disoriented most of the time?
3. Did the person have difficulty recognizing family members? 4. Was the person seen by a physician for this condition? If yes, was the diagnosis Alzheimer's disease?
5. Was the person seen by a neurologist or a psychiatrist for this condition? If yes, was the diagnosis Alzheimer's disease?
Was there an autopsy indicating Alzheimer's disease?
An algorithm was created to generate the final diagnosis of probable AD for each first-degree relative: If questions 1 to 3 were answered "no," the relative was classified as unaffected. If only one of these questions was answered affirmatively, the relative was classified as doubtful, and for the purposes of our analysis, unaffected. If the answers to at least two of the three questions were affirmative or if the person was diagnosed with AD (questions 4 to 6), we classified the relative as affected with AD. This questionnaire has been previously validated for a diagnosis of AD in relatives of patients in this population.25 APOE genotyping in patients and controls. Genomic DNA was amplified using PCR and underwent CfoI restriction analysis using APOE primers. Conditions were modified from those described by Hixson and Vernier.26 Data analysis. We used chi-square analysis and Student's t-test to evaluate differences in demographic characteristics among probands with and without an APOE-[small element of]4 allele (and their relatives) and between patients with AD and controls (and their relatives). We excluded all parents and siblings whose current age or age at death was less than 30 years. There were too few children over the age of 30 to evaluate separately.
A maximum likelihood-based survival analysis model with double-censoring for missing information was used to estimate the rate ratio (RR) for AD among first-degree relatives of patients and controls.27 Left censoring was applied when a relative was known to have AD but the onset date was unknown (prevalent cases). Right censoring was applied when AD was never diagnosed in a relative or when the relative died before diagnosis of AD. The current age of the relative or the relative's age at death was used when available. The actual age at onset of AD, as reported by the informant, was used when available.
This maximum likelihood method allowed the entire sample of relatives to be used to estimate the RR of AD in the first-degree relatives of AD patients compared with relatives of controls after stratifying by the proband's APOE-[small element of]4 genotype and ethnicity. 27 We calculated the RRs after adjusting for the proband's sex and education level (>=8 years versus <8 years) because education has been shown to affect sensitivity of family history in AD. 25 We used 8 years of education as the cutoff because this was the median number of years of education in this population. We also reanalyzed the data using education as a continuous variable. We used the proband's educational value as an approximation in lieu of the informant's or relative's educational value because this value was unknown for many of the relatives and all informants. However, in a prior study,25 in which these data were available, we found a significant correlation between the proband's education and both the relative's and informant's education (p < 0.001). We calculated the RR for AD in relatives after adjusting for the proband's study status (dementia registry versus HCFA random sample). We also estimated the effect of ethnic group on AD risk in the overall sample. We used the Mantel-Haenszel chi-square statistic as a rough test of homogeneity across ethnic groups in the risk for AD in relatives, given the proband's disease status and APOE-[small element of]4 genotype. We evaluated the influence of relative's gender on the RR for AD in relatives, given the proband's APOE genotype, in the overall sample and in relatives of patients alone.
Results. There were 2,722 siblings and parents of 802 controls and 1,073 siblings and parents of 312 patients with AD (table 1) . Controls (and their relatives) were more educated and younger than patients (and their relatives). The proportion of men was greater among patients than among controls, although among relatives of patients and controls the sex distribution was similar. There were no major differences in age, sex, or education between individuals with and without an APOE-[small element of]4 allele. After stratification by ethnic group, these results held true except among whites, where the proportion of probands who were men was similar between patients and controls. Discussion. We found that an APOE-[small element of]4 allele in the proband is associated with an increased risk for AD in relatives regardless of the proband's disease state. Among African Americans and Hispanics, the increase in risk for AD is similar among relatives of both patients and controls with an APOE-[small element of]4 allele, whereas in whites the RR for AD was elevated only for relatives of patients with an APOE-[small element of]4 allele. However, with the small number of relatives in the white subset, the results in this subgroup were not statistically significant. Among relatives of patients without an APOE-[small element of]4 allele, risk for AD was increased in Hispanics and African Americans but not among whites.
These findings suggest that the APOE-[small element of]4 allele may be a stronger influence on familial aggregation of AD among whites than Hispanics and African Americans, among whom other genetic or nongenetic factors, in addition to the APOE-[small element of]4 allele, influence risk for AD in relatives. However, the sample size among the whites and African Americans was small, as was the number of affected relatives. Furthermore, the test for homogeneity did not reveal significant differences in RRs across ethnic groups. Thus our results would need to be confirmed in a larger study before firm conclusions can be drawn regarding differences among ethnic group in RRs of AD in relatives, in association with the proband's APOE genotype. With more than 2,400 relatives in the RR analysis among Hispanics, we may surmise that the most precise estimate of risk ratios in our study was made in this group.
Although there was probable underestimation of the family history of AD,25 this was not likely biased by the proband's APOE-[small element of]4 status, which was unknown to the probands, informants, relatives, and family history interviewers. Additionally, we expect members of the same family to be correlated with regard to risk for AD, whether due to shared genes or shared environment. Our analysis did not control for these intra-familial correlations because we treated each relative as an independent observation. Although this would not result in bias of point estimates of the RR, it would lead to some underestimation of the CIs of the RR. However, such underestimation of the CIs is probably small, given that most families did not contain more than one affected relative. In our study, the influence of the APOE-[small element of]4 allele on risk of AD was greater in male than in female relatives of both patients and controls. This contrasts with findings by other groups that the presence of an APOE-[small element of]4 allele in a patient may have a greater effect on a risk for AD in female relatives than in male relatives. [13] [14] [15] Our results are also similar to those of other studies that have evaluated either family history of AD among patients and controls with different APOE genotypes or APOE genotypes among patients and controls with a family history of AD.8,9 Clinic-based studies have found that a family history of AD was reported up to twice as frequently by patients with one or more APOE-[small element of]4 alleles as by those without an APOE-[small element of]4 allele. This was true in a white patient and control sample 8 and in an Ashkenazi Jewish, African American, and Hispanic patient sample.9 Similar results were obtained in a population-based study of older individuals,6 suggesting that these findings were not explained by selection bias in clinicbased studies.7
Similarly, patients with a family history of AD have been found to be up to twice as likely to have an APOE-[small element of]4 allele as patients without a family history or controls with a family history of AD in both population-based 11 and clinic-based studies,10,12 although one clinic-based study found no difference in the proportion of APOE-[small element of]4 alleles in patients with and without a positive family history. 29 Finally, as we noted in Methods, our classification of ethnic groups as white, African American, and Hispanic, using the United States Census criteria, is the best available classification for an urban population. Although "white" and "African American" are racial categories, "Hispanic" is a linguistic category, subsuming both whites and those individuals of African origin. Thus, caution is needed in interpretation of differences between ethnic groups using biological data such as APOE genotype. Back to Top
